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THE PROBLEM

SAUGUS RIVER AND TRIBUTARIES
FLOOD DAMAGE REDUCTION STUDY
LYNN, MALDEN, REVERE AND SAUGUS, MASSACHUSETTS

EXECUTIVE SUMMARY

This report provides information on and describes possible solutions
to the coastal flooding problems in the Saugus River and tributaries
coastal floodplain.

Lying appreximately five to ten miles north of Boston,
Massachusetts, the 4,000 acre study area includes portions of the
cities of Lynn, Malden and Revere and the town of Saugus, and has
a resident population of 20,000 people.

Early in 1978 this area was hit by one of the most severe weather
events ever to strike the eastern New England coast. At 10:20 p.m.
on Monday night, February 6, the first storm surge struck. Record
high tides flooded thousands of homes and buildings, knocked out
electricity in freezing weather, and forced the emergency evacuation
of over 4,000 people. The following morning at 10:36 a.m., when a
second tidal surge hit the study area with almost equal magnitude,
many of the residents who had stayed in their homes were still
stranded since access routes remained flooded. Record flood depths
of up to seven feet caused damages to an estimated 3,100 buildings,
and directly affected the lives of over 10,000 people and the employ-
ment of another 20,000 in the floodplain. The storm flooded major
transportation arteries that are used on a daily basis by 100,000 com-
muters from Massachusetts' "North Shore" -- the coastal communi-
ties lying between Boston, Massachusetts and Portsmouth, New
Hampshire. Flood-related problems disrupted utilities which serve
the entire North Shore. Remembered as the “Blizzard of ‘78", the
storm ranks among the worst disasters in New England’s history.

The study area suffers frequently from coastal flooding. Including
the Blizzard of ‘78, estimated as about a 100-year (1 percent annual
probability) tidal event, the area has been hit by four major coastal
storms in the past 17 years, and smaller storms disrupt the area year-
ly. Rising sea levels, a trend that appears to be accelerating, will only
increase the vulnerability of the study area to future coastal storms.
Moreover, the industrial, commercial and residential sectors within
the study area continue to grow. A recurring ‘78 storm tide could
cause damages estimated at over $100 million. The worst coastal
storm reasonably likely to hit the area, the Standard Project
Northeaster (SPN). conld cripple the regior, causing wodvrris ol i2
teet of flooding and $500 million in damages — closing a General
Electric plant, an important defense facility; affecting up to 5,000 res-
idential, commercial, industrial and public buildings; tireatening
utilities serving the North Shore and disrupting the lives of over
300,000 residents and employees in these communities and commut-
ers who use the major transportation arteries which traverse this ur-
ban floodplain.

i Executive Sunimary




The General Electric River Works Complex, a Defense Department Supplier,
Suffers Disruption and Damages from Small and Large Coastal Storms.

Utilities and Businesses in Lynn Which Serve the Entire Massachusett’s North Shore
Lie in the Floodplain of the Study Area.
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STUDY SCOPE
AND PROCESS

Only a slim margin exists between a coastal storm tide that causes
little disturbance and one that is a major disaster. Because of the par-
ticular tonography and tidal hydrology of the study area, flood wa-
ters and ivaves pushed inland from the ocean and which overflow
seawalls become trapped. This phenomenon results in interior flood
levels that are often significantly higher than high tide levels off-
shore. An ocean level of 1 foot above a yearly high tide resuits in wet
basements in approximately 400 buildings. A storm tide level of just
2 feet above a yearly tide requires the emergency evacuation of peo-
ple from several thousand buildings.

The study area also has environmental resources of substantial im-
portance to Metropolitan Boston. Situated around the largest saltwa-
ter estuary (1,660 acres) near Boston and along 5 miles of coastline, it
provides nursery and habitat for fish resources, habitat for birds and
wildlife, and opportunities for numerous other uses. The study area
also harbors nearly 800 commercial and recreational navigation ves-
sels, half of which are moored along the Saugus and Pines Rivers.
Acceptable solutions to the coastal flooding problems could not
come at the expense of these valued local resources. It was apparent
from the start that public involvement and interagency coordination
would have to play a major role in the study process because:

v  the study was examining coastal flooding problems that af-
fected eight separate areas within four jurisdictions, each with
strong local authority under the Commonwealth’s political
system of Home Rule;

v recent growth had heightened concern about further damage
to or loss of wetlands, threats to water quality, and about ris-
ing recreational needs; and

v’ the study was directed to explore regional approaches to
coastal flooding problems — approaches that could require an
unusual amount of broadmindedness and far-sightedness on
the part of community and state leaders, and extensive cooper-
ation among the diverse groups and state and Federal agencies
whose interests were at stake in resolving the flooding prob-
lems; protecting the area’s natural, scenic and/or recreational
resources; improving the local economic climate, or all of these
concerns.

With these factors clearly in mind, a public participation program
was set up to provide continuous two-way communication through-
out the planning process. By keeping all non-Corps of Engineers en-
tities: Federal, state, local and regional agencies, as well as public
and private organizations and the general public, informed about
and involved with the study’s progress, major decisions during the
study were able to reflect the concerns and objectives of these multi-
ple and varied perspectives. Four Citizens Steering Committees (one
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PLAN
FORMULATION

Fxecutive Summary

from each community) ard a Technical Group were formed and
worked together throughout the study. These individuals, whose
contributions have been significant, are listed in the report. In addi-
tion to regular meetings with the committees, over 100 meetings
were held with the public, and nearly 2,000 interviews were con-
ducted to gather information regarding flood problems and to ex-
plore the acceptability of alternative solutions.

In June 1989 the draft Feasibility Report, EIS/EIR and appendices
were provided to nearly 500 Federal, state and local agencies, inter-
est groups and individuals for a public review and to the Corps’
Washington Level Review Center. The 45-day public review ended
on August 7, 1989. The comments and Corps responses are included
in Appendix ], along with information on project revisions resulting
from the review process.

Three potential solutions were developed and evaluated:

 THE LOCAL FLOOD PROTECTION PLAN looked at Local
Protection Plans for each of the four communities. While eco-
nomically justified, the plans (which would require nine miles
of new structures along their shorefront and estuary) were not
favored by the communities due to disturbance to real estate,
financial constraints, and the potential loss of 32 acres of vege-
tated wetlands and intertidal habitat, impaired views and oth-
er aesthetic impacts.

* THE NONSTRUCTURAL FLOOD PROTECTION PLAN eval-
uated flood-proofing and the installation of improved warning
systems. This plan had no support from the local communities
because of its limited capacity to provide an adequate early
warning and reduce flood impacts. Only about 7 percent of
residents in the floodplain would have benefitted. An alterna-
tive to raise or floodproof all structures in the floodplain was
also investigated. The plan was not economically feasible and
would cost nearly twice as much as either of the other two
plans investigated. Public safety could not be assured, since
predicting the extent of coastal flooding for evacuation pur-
poses is very unreliable.

e THE REGIONAL FLOODGATE PLAN evaluated a system of
interrelated structural and nonstructural features, including a
floodgate on the Saugus River. The plan was found to provide
a very high degree of flood protection against the Standard
Project Northeaster (SPN) event for nearly the entire study
area. It yields the highest nei economic benefits of all the solu-
tions, has minimal impacts on the estuary, and minimal social
impacts, although it must mitigate the loss of 3 acres of mostly
intertidal or subtidal habitat along the coast. Because it offers
the potential for a high level of regional flood protection and
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ELEMENTS

‘ OF THE
RECOMMENDED
REGIONAL
PLAN

also complements State and local environmental management goals,
the plan has wide support. Indeed, while the estuary and surrounding
marshlands have recently been designated as a Massachusetts Area ot
Critical Environmental Concern (ACEC) to provide the strongest pro-
tection possible under the current laws of the Commonwealth, the
Saugus River Flooa Damage Ro“uction Project has been exempted from
ACEC requirements. This exemption was made because of the project’s
potentially broad public benefit and the belief that the existing process
for review of Federal projects meets the intent of the ACEC program.

The Regional Saugus River Floodgate Plan combines 3 miles of existing
tlood damage reduction measures with 3.5 miles of new measures to
create a inked defense line that will provide SPN protection to nearly
the entire study area and prevent tlooding up to 10 feet deep. The prin-
cipal component of the flood damage reduction plan is construction ot
tidal tlocdgates at the mouth of the Saugus River which would prevent
tidal surges from entering the river and flooding land throughout the
study arca. The tloodgates would span 1,290 feet at the mouth of the
river and include 600 feet ot gated openings so as to maintain both sate
passage tor navigation and natural tide levels and flushing patterns in
the estuary. The gates would only be closed when projected tide levels
are expected to cause significant damages. Closure would initially oc-
cur two to three times each vear, with closure lasting one to two hours
during the peak of the tide. During very severe coastal storms, such as a
recurrence of the Blizzard of 78, the gates would be closed for a longer
pertod of time and possibly for more than one high tide. With sea level
rise, the future frequency of closure would increase; however the pro-
iect could be modified to return to closures of 2 to 3 times per year.

Integrated with the tidal gates which are important for regional protec-
tion, and to help reduce localized wave overtopping which has contrib-
uted to flood damages in the past, a combination of dikes, walls, stone
revetments, beaches and sand dunes will be needed in Lynn and at
Point of Pines. Preservation of three miles of existing seawalls at Revere
Beach, as well as construction of a wall and a park dike behind that
beach are also needed to reduce flooding for the region. Protection
through purchase of a real estate interest in the tidal wetlands associat-
ed with the Saugus River estuary will permit use of the natural storage
capacity of this area for temporary storage of estuary waters, freshwa-
ter runoff that occurs behind the floodgates and of salt water that may
result from tidal overtopping at Revere during gate closure. The project
causes a loss of approximately 2 acres of intertidal and 1 acre of subti-
dal habitat at the location of project features along the coast. This lc s
will be replaced through the creation of 2 acres of clam flats and 1 a re
of subtidal habitat at the [-95 embankment.

The $88.5 million Regional Plan would have an average annual
cost of $8,990,000 from the initial project investment and includes
$230,000 per year for operation, maintenance and major replace-
ments. The plan produces average annual benefits of $11,390,000,
primarily from flood damage reduction. Thus the project’s net ben-
efits are $2,400,000, with a benefit to cost ratio of 1.3 to 1. Benefits
and costs are at 1989 price levels.
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BENEFITS AND
OPPORTUNITIES
PROVIDED BY
THE
RECOMMENDED
PLAN

CONCLUSIONS

Fxecutive Summary

The Regional Plan offers the following in direct benefits:

* Reduced flood damages to 5,000 buildings and major gas, electri-
cal and wastewater tieatment facilities serving the North Sho-e,
thus providing an estimated $7.0 million in average annual bene-
fits and the prevention of up to $500 million in damages in the
event of an SPN flood.

* Prevention of damages and temporary public transportation costs
along 20 miles of major floodprone public transportation arterics
which serve Boston’s North Shore.

* Reduced damages to existing shorefront storm-vulnerable infra-
structure, saving about $1.7 million on an annual basis.

* Substantial reduction in the nced for and costs of emergency
public services.

* Developmer:. of a 3,400 foot long dike with joint flood control
and public park land use.

A reduction of $1 million in future average annual damages
when a projected historical rate of sea-level rise is applied.

* Approximately $800,000 in reduced shorefront construction costs
(dikes and walls) for the Metropolitan District Commission’s
(MDC) Town Line and Linden Brook project in Revere and
Malden.

Additonal benefits and opportunities associated with the plan for
which economic benefits have not been taken include:

* Reduction in flooding from the backup of drainage systems dur-
ing high flood tides to benefit the four communities.

* Reduction in the indirect impact on the local, regional, state and
national economies from lost employment and sales.

* Improved protection for the fish and wildlife resources of the salt-
water estuary.

* A safer port of refuge during coastal storms and huiricanes for
the 400 vessel fleet that is moored in the estuary.

The final report was distributed for a 30 day public review with the
Division Engineer's Public Notice on the completed study dated
January 9, 1990. The Washington Level Review Center reviewed the re-
port and comments received during the public review and provided its
findings to the Corps of Engineers' Board of Engineers for Rivers and
Harbors (CEBRH). The CEBRH recommended approval of the storm
damage reduction measures in the report on March 8, 1990 with some
changes. Major changes include: acquisition of the estuary storage area
in fee, rather than easements; and that the park embankment needed
for recreation would be a 100% non-Federal cost. These changes are re-
flected in the report (revised April 1990).

The recommended Regional Saugus River Floodgate Plan would pro-
vide a very high degree of coastal flood protection against the loss of
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Poacoalice sumenar

life, health and property. The Standard Project Northeaster (SPN)
level of protection would be provided to nearly all of the tlood
plain’s 5,000 residential, commercial and industrial buildings in the
four communities (194,500 population and 105,000 Iabor foree). In
addition to contributing an average of $2.4 million } °r year in na-
tional economic development, it would provide state and regional
benetits and opportunities well beyond the study arca. Major trans-
portation corridors serving over 100,000 people in the meiropolitan
area we Jd be protected including Routes 1, 1A, 107, the Commuter
Rail and MBTA mass transit Blue Line. Major utilities (gas, elecirical
and wastewater treatment facilities) which serve the state's north
shore, as well as major industries (Ger.eral Electric, Phillips Lighting,
Norelco, West Lynn Creamery among others such as North Shore
Community College) would Le vrotected, along witn over 20,000
iwbs. Projece construcadon would generate nearly 400 man-years ot
cmployvment, and the $88.5 million project cost would have a raulti-
piier cftect on the stuie's economy.

Recreaticn resources - rving the metropolitan area would be pro-
tocted, including  the  Revere Beach Reservation tadilities,
Wonderland Dog Park, marinas and the estuary arca. Acquisition of
the 1,650 acre estiary also provides opportunities for enhancing fish
and wildlife, recreation and environmental education.

The Regional Floodgate Plan is ecoriomically justified and manxi-
mizes net economic benefits. The plan is technically feasible, as simi-
lar projects have been constructed ind operated by ihe New
England Division for more than 20 years. Following the final review
of this document, the state sponsor, the Metropolitan District
Commission(MDC), provided a letter supporting the project. Also
the MOC indicated that funding would be requested from the state
legislature and the Local Cooperation Agreement would be signed
at the appropriate time in cooperation with the four spon_oring com-
munities. The cities of Lynn, Malden and Revere and the town of
Saugus also provided letters supporting the project and agreed to
meet those 1‘ems of local cooperation not within the direct control of
the MDC.

The non-Federal cost of the project is 35.9 percent or $31,800,000 (in-
cludes $9,200,000 in Real Estate and relocation or alteraticns to exist-
ing utilities). The state sponso. would be required to provide cash
contributions estimated at $22,600,000 during construction which is
currently scheduled to start within five years, in addition to meeting
the real estate and relocation requirements. Following completion of
the project, an estimated $230,000 per year operatior: and mainte-
nance cost would be a continuing non-Federal responsibility. The
sponsors would also protect the existing flood storage capacity of
the estuary by acquisition in fee of the approximate 1,650 acre estu-
ary. The Federal Government would finance 64.1 percent or
$36,700,000 of the project cost. The recommended plan enjoys wide
and very active public support.
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SAUGUS RIVER AND TRIBUTARIES FLOOD DAMAGE REDUCTION STUDY

Lynn, Malden, Revere and Saugus, Massachusetts/Summary of Study Reports:

Main Report and Environmental Impact Statement/Report (EIS/EIR): Summarizes the
coastal tlooding problems in the study area and alternative solutions; describes the se-
lected plan and implementation responsibilities of the selected plan; and identifies envi-
ronmental resources in the study area and potential impacts of alternative solutions, as
required by the Federal (NEPA) and state (MEPA) environmental processes.

Plan Formulation (Appendix A): Provides detailed information on the coastal flooding
problem and the alternatives investigated; includes: sensitivity analyses on floodgate se-
lection (including location and size of gates and sea level rise); optimization of plans;
comparison of alternative measures to reduce impacts; and public concerns.

Hydrology and Hydraulics (Appendix B): Includes descriptions of: the tidal hydrology

and hydrology of interior runoff in the study area, and of wave runup and seawall over-

topping, interior flood stage frequencies, tide levels, flushing, currents, and sea level rise
effects without and with the selected project for various gated openings.

Water Quality (Appendix C): Includes descriptions of existing water quality conditions
in the estuary and explores potential changes associated with the selected plan.

Design and Costs (Appendix D): Includes detailed descriptions, plans and profiles and
design considerations of the selected plan; coastal analysis of the shorefront; detailed
project costs; scope and costs of engineering and design; scope and costs of operation
and maintenance; and design and construction schedules.

Geotechnical (Appendix E): Describes geotechnical and foundation conditions in the
study area and the design of earth embankment structures in the selected plan.

Real Estate (Appendix F): Describes lands and damages, temporary and permanent
casements and costs of the selected plan, including the five floodgate alignments studied.

Economics (Appendix G): Describes recurring and average annual damages and bene-
tits in study area floodzones; economic analysis and optimization of alternative plans.

Socioeconomic (Appendix H): Describes the socioeconomic conditions ir the study area
and the affects of the selected plan on development in the floodplain and estuary.

Planning Correspondence (Appendix I): Includes all letters between community offi-
cials, agencies, organizations and the public and the Corps prior to agency and public re-
view of the draft report.(In 2 parts: Volumes 5 and 6.)

Feasibility Study and EIS/EIR Comments and Responses (Appendix J): Includes all
project revisions and comments and Corps responses to letters received during agency
and public review. (In 3 parts: Sections A, B and C.)

Environmental (Appendix K): Includes basic data from investigations of environmental
resources in the study area and presents the Mitigation Incremental Analysis.
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INTRODUCTION

STUDY AUTHORITY

The Southeastern New England Study (SENE) was authorized on September 12, 1969, by
a resolution that read:

“Resolved by the Committee on Public Works of the United States Senate, that the Board of
Engincers for Rivers and Harbors, created under Section 3 of the River and Harbor Act approved
June 13, 1902, be, and is hereby requested to review the report on the Land and Water Resources of
the New England-New York Region, transmitted to the President of the United States by the
Secretary of the Army on April 27, 1956, and subscquently published as Senate Document
Numbered 14, Eighty-fifth Congress, with a view to determining the feasibility of providing water
resource improvements for flood control, navigation and related purposes in Southeastern New
England for those watersheds, streams and estuaries which drain into the Atlantic Ocean and its
bays and sounds in the reach of the coastline of Massachusetts, Rhode Island and Connecticut south-
erly of, and not including the Merrimack River in Massachusetts, to, and including, the Pawcatuck
River in Rhode Island and Connecticut, with due consideration for enhancing the economic growth
and quality of the environment.”

HISTORY OF INVESTIGATION

A comprehensive investigation, the SENE Water and Related Land Resources Study, was
initiated in 1969 with the Corps of Engineers, other appropriate Federal agencies, and the
states of Massachusetts, Rhode Island and Connecticut participating. The study was
chaired by the New England River Basins Commission (NERBC) which has since been
discontinued.

Completed in 1975, the SENE study identified critical problems with tidal flooding even
before the disastrous “Blizzard of ‘78". Among the nearly 200 recommendations in the
NERBC final SENE report were calls for:

¢ improved protection against flood threat,
* use of nonstructural measures wherever possible, and
* early attention to the highly vulnerable Massachusetts coastal area.

The SENE report recommended that the Corps of Engineers be directed by Congress to
investigate solutions to the coastal flood problems. Consequently, following the severe
flood damages and problems that accompanied the Blizzard of ‘78, the mayor of Revere
requested assistance from the Corps. The Corps responded immediately under the
Section 205 Flood Damage Reduction Program. For the purposes of study, the area was
divided into four separate zones: (1) Roughans Point, (2) Revere Beach, (3) Point of Pines,
and (4) Oak Island and Vicinity. The goal in each zone was to evaluate the extent of dam-
ages experienced and conduct a preliminary investigation of possible solutions. It was
soon determined, however, that answers to the area’s flooding problems could not come
through the Corps smaller scale Continuing Authority Program, for all of the flood dam-
age reduction alternatives that were studied had project first costs that exceeded the ex-
isting Federal limitation of the Section 205 program.

Because of the recurring flood-induced hardships in the four communities, particularly
from major coastal storms which had occurred in 1978, 1972 and 1959, the Corps initiated
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further large-scale study of the Revere coastal flooding area under the ongoing SENE res-
olution. Between FY 1980 and 1985, separate reconnaissance investigations examined
flood damage reduction alternatives for Roughans Point and Point of Pines, and a recon-
naissance study was initiated for the Revere Beach Backshore area. A feasibility report
containing recommendations for Roughan’s Point was completed in October 1983. The
project was authorized for construction in 1986, and pre-construction engineering and
design (PED) studies are underway.

When the Federal limitation on allowable project first costs under the Corps Section 205
program was raised, an investigation of tidal flooding problems and solutions was un-
dertaken for Point of Pines. The Detailed Project Report, which was completed in
October 1984, recommended a Federal project.

In 1985, the study covering the Revere Beach area found a wide range in 1978 water
levels reported by residents along the Pines River. As part of design studies underway
for Roughans Point, gaging stations were installed in Broad Sound and on the Saugus
and Pines Rivers to calibrate a tidal model. The results indicated the potential for higher
flood levels on both rivers for the 1978 coastal storm. Extensive interviews followed,
which provided hundreds of high water marks and information revealing a more com-
plete story of the widespread regional flooding that occurred as a result of the Blizzard of
1978 and of recurring flooding problems. By mid-1985, the interviews had confirmed that
higher flood stages had indeed occurred, resulting in a substantial rise in estimates of the
potential for future damages not only in Revere, but in Lynn, Malden and Saugus.
Officials of the four communities, and the area’s congressmen and state officials made a
formal request for a study that would explore the possibility of a regional approach to
flood damage reduction. The Saugus River and Tributaries Flood Damage Reduction
Feasibility Study was initiated in October 1985 in response to this request.

In June 1988 the mayor of Revere advised the Corps that the city of Revere was unable to
commit to its share of the recommended Section 205 project for Point of Pines, and re-
quested that protection of Point of Pines be integrated into the regional flood damage re-
duction study. Consequently, shorefront features critical to the integrity of two of the
alignments then under study for the floodgate structure were incorporated into the re-
gional plan. One of the alignments was subsequently chosen as the selected plan.

PRIOR REPORTS

As can be cor<luded from the above, a considerable number of water resource investiga-
tions have been carried out within the study area by Federal, state, regional and local
agencies. Extensive use was made of these studies and reports to avoid duplication of ef-
fort. Very brief descriptions follow of the reports which have addressed flood problems
along Revere Beach and flood problems and navigation along the Saugus and Pines
Rivers. The studies, and the dates on which they appeared on the scene include:

* 1]June 1949. A Division Engineer's report on Restoration of Revere Beach was submitted to the Chief of
Engineers and later printed in House Document No. 146, 82nd Congress, 1st Session. The 1954 River and
Harbor Act authorized a Federal project for the protection and improvement of the shore of the Revere
Beach Reservation. The Metropolitan District Commission (MDC) constructed part of the project in 1954.
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* March 1963. A Beach Erosion Control Report on Cooperative Study of Revere and Nantasket Beaches,
Massachusetts, was completed by the Corps of Engineers and later printed in House Document No. 211,
91st Congress, 2nd Session. The 1970 River and Harbor Act authorized Federal participation in widening
Revere Beach by placement of suitable sandfill along 13,000 feet of beach fronting the MDC Reservation.
During preconstruction planning, it was found that projected recreation use provided by the MDC was in-
sufficient to justify the project and thus Federal participation was not warranted. Later investigations of
coastal flooding in the Revere Beach Backshore area, found significant additional benefits associated with
substantial reductions in repair and replacement costs of seawalls along the beach. Design of the erosion
control project was resumed on 1 October 1984 following receipt of letters of support. A General Design
Memorandum/Beach Erosion Control Project, Revere Beach, MA, was completed in August 1985 and re-
vised in June 1986. [t is estimated to cost $8.9 million. Construction is scheduled to start Fall 1989.

e June 1970. A report entitled Flood Control and Navigation, Saugus and Pines Rivers Basin was submit-
ted by the Division Engincer to the Chief of Engineers. The report focused on flood problems in the
Saugus and Pines River Basin and along 6.5 miles of tidal shorefront in Revere and Lynn. No structural im-
provements were recommended at that time due to the lack of economic feasibility.

* 1 December 1978. The state completed the Master Pian for the Restoration of the Revere Beach

Reservation. [t emphasizes preservation and extension of the beach landscape as a predominantly natural-
ized seaside parkland, along with needed flooding, storm drainage, and traffic improvements, construction
of contemporary facilities and restoration of historic structures. Land and Water Conservation Funds ‘
were used to develop Phase 1 of the plan, but funding constraints have temporarily halted further action. |

* September 1979. A favorable Reconnaissance Report for the Saugus River, completed by the New
England Division of the Corps under Section 107 of the 1960 River and Harbor Act, as amended, recom-
mended designating the Saugus River from Broad Sound to above the General Edwards Bridge as a
Federal Channel. A Detailed Project Report has been completed and is going through its environmental re-
view process by the state of Massachusetts. The Saugus River and Tributaries Study will be consistent
with reccommendations of this navigation study.

* September 1979. A preliminary study of recreational navigation needs in the Pines River area, by the
New England Division under Section 107 of the 1960 River and Harbor Act, as amended, resulted in ap-
proval of a reconnaissance report by the Chief of Engincers. Preparation of a draft detailed project report
was completed in 1985, but subsequently discontinued duc in part to changed policies which place lower
priority on Federal participation in recreational navigation projects.

* 1980. Improvements to alleviate periodic flooding along Sales Creek, near the Revere-East Boston boun-
dary, were initiated by the Massachusetts Department of Environmental Quality Engineering (DEQE),
based on flood control works that had been studied for the city of Revere by consulting engineers in 1978.
The proposed major facilities consist of a pumping station at Bennington Street (at the point of Sales Creek
discharge into Belle Isle Inlet), improvements to existing drainage culverts, and debris removal.

* February 1980. The initial study of coastal flood protection problems and needs of Revere, performed
under Section 205 of the 1948 Flood Control Act, as amended, and initiated as a result of the Blizzard of '78,
was submitted by the Division Engincer to the Chief of Engineers. It provided an impetus for further in-
vestigations by the Corps of Engincers in the Saugus River and Tributaries Study.

¢ October 1983. In response to another request for assistance following the Blizzard of '78, a feasibility re-
port reccommending a flood control project for Roughans Point, Revere was completed. The recommended
plan includes 4 080 fect of armor stone revetments sloping scaward along the Roughans Point shore to dis-
sipate incoming waves, along with interior drainage provisions and an improved flood forecast, warning
and evacuation plan. This plan provides protection to over 300 structures in the Roughans Point flood
plain and would prevent 937% of the potential average annual damages at an estimated first cost of $8.7
million. Authorized by the Water Resources Development Act of 1986, the plan is currently under design
by the Corps of Engincers, and would provide coastal flood protection to the area which abuts the south-
ern terminus of the study area investigated in the Saugus River and Tributaries Study.

* May 1983. A reconnaissance report on local flood protection for Saugus, Massachusetts was completed
by the Corps of Engineers, in response to a 1981 request for assistance from the town. The report found
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that over 300 residences and 22 conunercial establishments were in the 500-year floodplain. Local flood
protection plans were investigated but were not ecconomically justified. Flood protection for this area has
been investigated under the Saugus River and Tributaries Study.

¢ Qctober 1984, A Detailed Project Report on flood protection needs for Point of Pines was prepared by
the New England Division, Corps of Engineers, under Section 205 of the 1948 Flood Control Act. Flooding,
due to storm tides and wave overtopping, is a constant concern in Point of Pines, with average annual
tlood losses at over $1.3 million. A recurrence of the "Blizzard of February 1978", the flood of record,
would result in over $53.3 million in damages. Nearly 360 structures, almost all homes, would suffer flood-
ing to an average of 4 to 6 fect in depth. The Detailed Project Report showed protection through a Federal
project to be cconomically justified. However, design of the project was discontinued in June 1988 when
the ity was unable to meet the non-Federai cost sharing requirement. Updated recommendations for
protection to the Point of Pines area are included in the Saugus River and Tributaries Study.

* October 1985 An engincering report entitled Flood Control Plan for Town Line Brook and Linden
Brook, Revere and Malden, MA, recommended improvements based on a 50 year design storm. The rec-
ommendations included a storm water pump station at the Pines River at Route 1; major channel and cul-
vert improvements along Town Line Brook; and major culvert improvements along Linden Brook. The
MDC is currently preparing the design for this project.

In October 1985 the Saugus River and Tributaries Flood Damage Reduction Feasibility
Study was initiated in response to requests from officials from Lynn, Revere, Saugus and
Malden to investigate regional approaches to the coastal flood problems that affcct aii
tour of the communities in the study area.

STUDY PURPOSE AND SCOPE

Th - Saugus River and Tributaries Flood Damage Reduction Study is a feasibility investi-
gation being carried out in partial response to the 1969 SENE study authority. This report
presents the Corps investigation of potential regional solutions to serious and recurring
coastel tlooding problems in eastern Massachusetts.

The scope of this study is considerable in that the process was dealing not only with a
hvdrologically complex and densely developed geographic area, but with four indepen-
dent political jurisdictions: the cities of Lynn, Revere and Malden, and the town of
Saugus, Massachusetts. Initial study efforts concentrated on defining the flooding prob-
lems and needs in the study area, developing planning objectives, and identifying con-
straints. During plan formulation all potential alternative solutions to the problems in the
area have been evaluated. Data from previous water resource studies were updated and
used in the investigation; additional data were gathered and used where no existing in-
formation was available.

Extensive interaction with the public progressed in tandem with technical data gather-
ing, analysis and planning. The key steps included:

* gathering photographs; preparing topographic and acrial maps of the study area.

* conducting a total of nearly 2,000 interviews to discuss past flooding problems, collect high water
marks, and survey damage potential to 3,700 buildings at varying flood heights.

* pathering tide data to calibrate a numerical model used to estimate future tide levels with the flood-
gate structure; and conducting hydraulic evaluations to estimate the storage capacity of the estuary
and associated marshlands, and currents in the rivers.
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* surveying thirty miles of existing shorefront to assess physical condition and estimate the potential
for overtopping; surveying existing structures to determine current condition and vulnerability to
flood damages.

* preparing tlood stage and frequencies of recurrence analyses for 24 flood zones under both non-
project and with project conditions.

* collecting existing data and obtaining new samples and surveys of environmental resources and wa-
ter quality for the study arca.

¢ tormulating structural and nonstructural solutions including preliminary design, costs and impacts
to reduce flooding and overtopping along over ten miles of shorefront and to individual buildings
in the floodplain.

* conducting about X} meetings with the public to coordinate the formulation, evaluation and deter-
mination of support of various solutions.

DESCRIPTION OF THE STUDY AREA

THE STUDY AREA - The study area (see Plate 1) is comprised of the land within Lynn,
Saugus and Revere that is subject to inundation by the Standard Project Northeaster
(SPN); it also includes sections of Malden.

THE STANDARD PROJECT NORTHEASTER - The Standard Project Northeaster
(SPN) is a theoretical coastal storm that portrays what would most likely occur if the
worst reasonably likely combination of a high moon tide and storm surge conditions hit
astudy area. In the Saugus River study area the SPN (at 1989 tide levels) would cause
damages four to five times more severe than the record 1978 flood, with flood levels 3 to
6 feet higher than that storm. Flood levels would be expected to go even higher with an-
ticipated sea level rise. The intensity of the SPN storm, including the rapid rise of tides,
overtopping of seawalls and high flood levels, would likely cause loss of life as well as
catastrophic damages. For reasons that will be made clear in this report, the SPN is the
goal for the level of protection that has been selected in this study area.

The study area covers approximately 4,000 acres of which 60 percent is existing residen-
tial, industrial and commercially developed land and about 40 percent (1,660 acres) is
wetlands. Only about 237 acres (153 developable) are currently vacant and available for
new development at the present time. The study area lies within the 47 square mile wa-
tershed of the Saugus and Pines Rivers in Suffolk, Essex, and Middlesex Counties,
Massachusetts. All four communities have always been strongly influenced by their
proximity to downtown Boston, which is less than ten miles away. Serving historically as
“bedroom” communities and sources of labor supply for Boston, the area is also tra-
versed by major gas and electric utility lines which serve Boston’s North Shore communi-
ties, as well as by rail, mass transit and highway transportation arteries which link the
North Shore with the state capitol. For over a hundred years, large numbers of Boston
residents have also joined local people at Revere Beach for amusement and recreation.
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FLOOD VULNERABILITY IN THE STUDY AREA

The vulnerability rises out of the fact that the four coastal communities all have lands
that border the estuary of the Pines and Saugus Rivers, front on the ocean, or do both.
These low-lying sections suffer from tidal surges in the Saugus and Pines Rivers and
from wave overtopping along Revere Beach, at Point of Pines, and in Lynn Harbor when
severe coastal disturbances, deep low-pressure systems, pass offshore. The most fre-
quently threatening storms are known locally as “northeasters” because of the strong
northeast winds that accompany them. Such storms can cause very high ocean levels and
wave heights. Northeasters are most likely to occur between November and April; hurri-
canes and tropical storms may bring high waves and storm surge to the area from early
August to the end of October. Historically, however, hurricanes and tropical storms have
rarely caused serious tidal flooding in the study area. Precipitation from northeasters and
tropical storms and hurricanes can be very heavy, causing significant freshwater runoff;
however, heavy runoff coincident with high tidal surges occurs infrequently.

This study area includes densely developed areas bordering the coastal beaches and the
estuary of the Saugus and Pines Rivers. With each high tide, ocean water funnels up the
mouth of the estuary, inundating varying portions of the tidal marshland and receding
when the tide turns. When driven by a coastal storm, huge amounts of water may be
pushed up the estuary, and at the same time, larger-than-normal waves may overtop the
coastal beaches and existing flood protection structures that lie along the beachfront.
Driven inland and overland by the natural forces of rising tides and winds, the storm wa-
ters are trapped within the saltwater wetlands. The waters rise higher and higher in the
wetlands, spreading into developed areas of the floodplain, and often reaching interior
flooding levels that exceed the coastal high tide levels. Only when the storm abates can
the floodwaters slowly drain back out through the estuary, the single outlet to the sea.
During such storm events, neighboring communities along the coast will also suffer
damages from wind-driven waves and high tides, but they may not suffer the additional
problems that the impounded waters cause in the study area.

All areas within the study area were investigated in detail with the exception of the
Town Line and Linden Brook watersheds in Revere and Malden, and the Upper Saugus
River and Shute Brook areas in Saugus. The Town Line and Linden Brook area will re-
ceive significant reduction in interior and coastal flood damages from the MDC project
that is currently under design. Residual flood damage is still likely to result when interi-
or runoff and coastal events exceed the design levels of the MDC project, but such events
are expected to be extremely rare. The Saugus River and Tributaries Study excluded de-
tailed investigation of these watersheds because their flooding problems were principally
due to interior runoff and because of the high study costs involved in evaluating the are-
as (due to tidal influence) to reduce the remaining damages.
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The topography, high water marks and tidal overtopping within the study area explain
why, during the Blizzard of ‘78, flood levels in some parts of the study area were several
feet higher than the recorded stillwater tide, and why the flood waters remained in place
long after the storm ended. The ocean stillwater level in 1978 reached elevation 10.3 in
Boston -- the record tide. Within the study area the problems were even more severe.
North Shore Road, Route 1-A, which runs north from Boston through Revere and Lynn,
was reported under four feet of water along the Pines River. Water levels behind Revere
Beach were reported as as high as El. 12.5; and reached 11.8 in Saugus and 13.4 behind
Lynn Harbor. Flood depths of approximately 7 feet were reported in several locations.
Flood waters trapped by plugged culverts remained up to a week around houses in
Revere and for several days in Lynn and Saugus. Emergency measures during the
Blizzard were made more difficult because of the trapped floodwaters; and the recovery
period was slowed. For example, the Massachusetts Bay Transportation Authority’s
“Blue Line," a key link in the mass transit system that serves the Greater Boston area, tra-
verses the floodplain area. It was out of operation for six weeks after the ‘78 Blizzard.

Substantial sections of the study area are already heavily developed, and pressures for
further growth are strong. Damages now occur on an annual basis, with significant
flooding on an average of every 4 or 5 years.
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HISTORIC FLOODING PROBLEMS — The study area has suffered from coastal flood-
ing since its early days. The more notable storms, described below, all had tide levels
which likely or reportedly caused significant flooding within the study area:

26 December 1909 - the “Christmas Gale” produced a tide of 9.9 feet NGVD at
Boston. Historic records indicate that winds of 85 mph were experienced.

4 March 1931 - a “nor’easter” brought severe winds and high seas and a maximum
high tide of 8.8 teet NGVD at Boston.

21 April 1940 - storm with high tides and strong winds resulted in a maximum
stillwater tide height of 8.9 teet NGVD at Boston.

30 November 1944 - another “nor’easter,” this one producing tides of 8.8 feet
NGVD in Boston.

29 December 1959 - a “nor’easter” in which tides rose to 9.3 feet NGVD at Boston.
Heavy wave action caused extensive damage at Revere Beach with considerable
loss of sand and undermining along the seawall. Major damage occurred to 45
homes in Roughans Point, 120 homes at Point of Pines, and 30 homes in the
Riverside area. Many commercial operations were atfected by flooding in low are-
as that resulted trom overtopping of beaches and seawalls.

26 May 1967 - A very late season, slow moving “i. r"easter” coincided with spring
tides and gale-torce winds which caused extensive beach erosion. In Boston, high
tide reached 8.9 feet NGVD.

19 February 1972 - A deep low-pressure area moving at about 25 miles per hour
over outer Cape Cod and coinciding with spring tides produced storm surges of
4.0 feet at Boston. Observed maximum tidal elevations in Boston reached 9.1 feet
NGVD. Flooding was experienced around the study area.

6 & 7 February 1978 - The Blizzard of ‘78 hit while the area was still recovering
trom the etfects of another blizzard that had occurred on 20 January 1978. One of
the most persistent and severe winter storms on record, the ‘78 Blizzard produced
strong winds with recorded gusts of 79 mph, and great amounts of snow over most
of southern New England. Tidal elevations in Boston Harbor reached the highest
level ever recorded: 10.3 feet NGVD on the morning of the 7th and 10.0 ft. NGVD
the evening of the 6th.

25 January 1979 - Heavy rains and strong onshore winds from the northeast creat-
ed high tides and tlood conditions. Tide levels at Boston Harbor reached EL. 9.3.
[nterior flooa elevations reached 8.5 feet NGVD behind Revere Beach; 10.1 along
L.vynn Harbor, and 9.2 in East Saugus. High tides contributed to flooding from in-
terior runotf in the Town Line Brook and Upper Saugus River. Fortunately, just be-
fore the high tide, winds shifted unexpectedly, and flood losses were substantially
lower than they might have been.

2 January 1987 - Boston tide levels reached 9.4 feet NGVD and 9.6 in the Saugus
River. The nor’easter appeared to be heading toward 1978 tide levels when the
wind suddenly shifted averting more severe damage. Flooding occurred through-
out the study area except in the Town Line Brook section of Revere and Malden.
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SUMMARY OF FLOODING PROBLEMS IN THE STUDY AREA - The region has expe-
rienced four major coastal storms in the last 17 years of 10- to 100- year frequency. The
Problem Identification section which follows, shows that damages from these events
would range from $18 to $114 million, respectively. The problem of coastal flooding in
the study area is not new; what is new are the rising damage potentials, and the increas-
ing costs of losses suffered. The floodplain is densely developed, and available land is at
a premium. Any solution to these flooding problems must also take into consideration
other water resource concerns that are also of high interest to the affected communities.

- ﬁﬂ*\.ﬁ

February 1972 - A 10-Year Tidal Storm In Which Revere Alone Reported "$ 5
Million in Damages and 700 Homes Evacuated " ($13 Million in 1988 Dollars)

"y

January 1978 - A 4-year Tide Storm - One Month Before The "Blizzard Of 78"
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The Estuary Includes Over 1,000 Acres of Vegetated Wetlands
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OTHER WATER RESOURCE CONCERNS IN THE STUDY AREA

Settled over 350 vears ago as predominantly farming and fishing communities, the com-
munities in which the study area lie have long since evolved into an integral part of the
arban ring next to the state capitol. With its current mix of residential, commercial, in-
dustrial, transportation and recreational land uses, the study area has numerous other
water resource-related concerns that interact with each other and with the coastal flood-
ing issue in multiple and complex ways. The Corps study team has had to develop close
working relationships with the interest groups and state and local governmental agen-
cies that are concerned with al' of these water resource issues, build greater understand-
ing and tolerance with and among them, and then shape a recommended plan that re-
flects as many of the area’s total water resource concerns as possible.

WETLAND LOSSES — Massachusetts, like many other states across the nation, has sup-
plemented Federal efforts to stop the loss of wetlands by adopting and enforcing its own
Wetlands Protection Act. Within Lynn, Saugus and Revere, growth and development
have historically had a profound effect on the loss of salt marsh, particularly within the
Saugus and Pines River estuary. Significant losses occurred prior to 1951, as land was
drained or filled for farming and community development. Between 1951 and 1971, a 33
percent loss (613 acres) of salt water wetlands has occurred within the three communi-
ties. In Saugus, alone, between 1951 and 1971, some 325 acres — more than one-third of
the total salt water wetlands in the town were lost to filling. Most of this loss was asso-
ciated with two projects that were to serve regional, not purely local needs: fill that was
deposited for a never-completed segment of interstate highway 1-95, and for construction
of the landfill, part of which is now used for the RESCO refuse recycling plant. These two
projects, located in the central portion of the estuary, consumed 300 acres of salt marsh.
A similar amount has been lost around the perimeter of the estuary in Saugus and Lynn.
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Between 1971 and 1980 only about 10 acres were reported lost in the three communities.
Corps surveys estimate only about 5 acres were filled between 1978 and 1988 and en-
forcement actions are currently open on most of these filled areas. Interest is now very
high at the local and state levels in seeing that the remaining wetlands are protected.
Between the existing legislation and the recent designation of the estuary and surround-
ing wetlands as an Area of Critical Environmental Concern (ACEC) by the state, approv-
al for any additional wetland filling is highly unlikely other than for improvements to ex-
isting or construction of new public roads or transportation facilities which may be
exempted under the state programs. But there is justifiable concern over the cumulative
effects of incremental illegal wetland losses along the upland edges of the salt marsh
area.

OTHER ENVIRONMENTAL RESOURCES — The Saugus and Pines River estuary sup-
ports a great diversity of natural resources within an otherwise highly urbanized setting.
Habitat resources include vegetated wetlands, mudflats and lotic (flowing) deep water
areas all linked together through a regular schedule of tidally induced flooding.
Approximately 1,550 acres of the 1,660 acre estuary of the Saugus and Pines Rivers lie in
the open estuary, the remaining acreage is partially land locked. The 1,660 acres include
low (flooded twice daily) and high (flooded less than twice daily to monthly) salt marsh
and tidal freshwater/brackish marsh. The wetland changes gradually from a salt water
influenced habitat to one which is more strongly influenced by freshwater inflow.
Collectively these wetlands provide a number of values to the environment, including;:
fisheries and wildlife habitat, pollution attenuation, limited flood storage, erosion con-
trol, and recreational and aesthetic values.

The shorefront and harbor waters along Revere Beach, Point of Pines and Lynn Harbor
abut seawalls, bulkheads, and some sand dunes. The sandflats and subtidal habitat in
thesc areas support a number of species.

Nearly 40 species of finfish are recorded in the study area waters, including anadromous
species, species of commercial and recreational importance and forage fish. Anadromous
species which pass into the estuary to spawn are shad, rainbow smelt, alewife, and blue-
back herring. Several species of flounder and other species use the estuary to spawn or
as a nursery area. Bluefish, pollock and other species which feed in the study area waters
provide important recreational fishing opportunities.

COMMERCIAL FISHING — Lobster harvesting is the predominant commercial fish-
ing-related activity within the study area. The lobster is captured ir. Boston Harbor and
beyond, and the 1,060,000 pounds harvested in 1986 from this area equalled 7.2 percent
of the total Massachusetts harvest that year. Saugus is the seventh highest ranking port
in the state for pounds of lobster landed. Little commercial fishing of any type occurs
within the estuary itself. However, the estuary plays an impoertant role for other commer-
cial fisheries by providing spawning and nursery grounds, as previously noted. The
study area contains shellfish resources which could he of considerab!2 commercial value.
However, except for limited areas in which harvesting by licensed master diggers only is
permitted and followed by depuration, the shellfish beds have been closed to harvesting
for many years because of water pollution problems associated with domestic sewage
disposal. These problems may abate as local pollution control efforts and the $6+billion
cleanup of Boston Harbor proceed.
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Saugus’ Fishing Fleet Represents 1/4 of the Estuary’s Navigation Fleet

WATER QUALITY — The inland waters of the Saugus and Pines Rivers have been des-
ignated class B, and the coastal waters of these rivers have been designated class SB by
the Massachusetts Division of Water Pollution Control (MDWPC). Clacs B waters are
suitable for swimming, other recreation, and for protection and propagation of fish, oth-
er aquatic life and wildlife. Class SB waters, in addition to those uses approved for class
B waters, are suitable for shellfish harvesting with depuration. Shellfishing is the most
carefully controlled activity in the coastal area due to the stringent requirements estab-
lished to prevent human consumption of contaminated clams and other bivalves.
According to the “Saugus River Basin Water Quality Survev” prepared by the MDWPC
in November 1982, the Saugus and Pines Rivers generally meet class B and SB standards
during dryv weather flows. During interior storm events, however, discharges from
storm drains and overland flow have an a-l. erse impact on the quality of the upper estu-
ary (abeve the Route 107 bridge on the Saugus River). In the lower basin the impact is
not as severe because of the large tidal interchange. However, coliform levels are high
enougt faat the mudtlats within the estuary have not been classified as open for shell-
fish harvesting in recent vears, although a few areas have been classified as restricted. In
these <ections, licensed master diggers and their employees may harvest shellfish and
ther have them depurated. MDWPC testing for cadmium, chromium, mercury and zinc
show that concentrations in the lower estuary generally met the latest Quality Criteria
for wWater (1986) published by EPA. Corps testing showed a number of metals exceeding .
chronic criteria to protect sensitive marine aquatic life, although the more stringent acute

criteria were usually met.

Current point and nonpoint sources of pollution within the estuary include three ther-
mal water discharges —- the General Electric River Works Plant (31 discharge locations);
the RESCO plant and the Fastern Tool Manufacturing Company (or- pipe each); inter-
mittent discharge from the coombined sewer overtlow (CSO) at Summer Street in Lynn,
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which occurs an estimated 40-50 times a year during periods of freshwater runoff; and
leachate from the extensive landfill area located within the salt marsh near the junction of
the Pines and Saugus Rivers. The landfill includes four major sites: the Saugus landfill
which occupies almost 200 acres; the RESCO facility whicii covers approximately 100
acres; the RESCO ash landfill which covers approximately 11 acres, and the GE landfill,
which covers approximately 10 acres.

GROUNDWATER/WATER SUPPLY — Groundwater levels in the study area are con-
trolled by tidal action. According to data published by the U.S. Geological Survey in
1980, there are no municipal or industrial wells within one-half mile of the Saugus/Pines
River estuary. Water supply for the town of Saugus and the cily ot Revere, and the emer-
gency supply for the city of Lynn comes from the Massachusetts Water Resources
Authority’s water supply system. Normal supvly for the city of Lynn is from treated sur-
face water from the upper Saugus and Ipswich Rivers. Neither groundwater levels or wa-
ter supply are expected to be affecied by flood damage reduction actions studied.

BEACH EROSION — Although there are parts of Revere Beach that are relatively stable
and expected to remain so in the future, there are significant erosion problems, especially
where p.otective seawall structures have been erected. The seawalls have eliminated the
scurces of supply of localized littoral materials and resulted in an insufficient supply of
replenishment material. The existing elevation of the beach at Revere Beach ranges from
0 tc 15 feet above mean sea level near the seawalls. Due to the existing beach elevation
and/or slope of the beach fronting the seawalls, half of the seawalls are subject to daily
wave action, frequent overtopping and/or rapid deterioration. The authorized Revere
Beach Erosion Control Project, currently under design, would restore the beach and
cause waves to make their landfall and break more than 100 feet from the seawalls. The
beach, however, is not designed for severe coastal storms, but to prevent less severe but
more frequent storm tides from reaching the seawalls.

EXISTING SHOREFRONT STRUCTURES — In all, the study area has over 30 miles of
existing shorefront extensively lined with walls and stone-faced embankments along
Revere Beach, Point of Pines, Lynn Harbor and the Saugus and Pines Rivers. The struc-
tures include steel, concrete, granite and timber walls; and rock, rubble and grass-faced
embankments. These structures act as retaining walls to prevent soil erosion, break
waves, and reduce water overtopping and flooding. They represent the first line of de-
fense against tidal surges, flooding and wave action along the coast and riverbanks.
About two miles of boat, fishing and commercial piers are also located along the Saugus
and Pines Rivers. From 1986 to 1988 an inventory was carried out along the shorefront.
Replacement costs, maintenance and structural life were assessed. Slight to severe deteri-
oration was found evident all along the shoreline. The shoreline takes a significant
pounding and great deal of abuse from coastal storms. Many of the structures were not
designed to withstand the wave action, high saltwater, or the saturated soil and flood
conditions that occur because of overtopping. Rapid deterioration of structures, erosion
and displacement of embankment material have all occurred. Wave action has damaged
piers by uplifting decks, loosening fasteners, and rotting connections. The lives of these
structures generally range from 30 to 50 years.
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The Revere Beach Reservation Was The First Public Beach In The Nation. Near
Metropolitan Boston, And Served By Mass Transit, It
Remains A Popular Public Beach And Valuable Regional Recreational Resource.

Saugus River Estuary Below
the General Edwards Bridge, Route 1A
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RECREATION - The study area has provided local and neighboring Boston residents
with recreational opportunities for many years. While many forms of active and passive
recreation have occurred, Revere Beach has historically been the center of much of the ac-
tivity. The Revere Beach Reservation was the first public beach with facilities established
in the nation, and was served by a narrow gage railroad. In its heyday, when not only
beach facilities but a large amusement park built in 1906 were located there, crowds of up
to 500,000 a day visited the area. Visitation dropped dramatically as the amusement park
facilities deteriorated. More recently, with the amusement park now removed. crowds of
up to 25,000 a day use the site. Population growth plus major improvements underway
and planned by the Massachusetts Metropolitan District Commission (MDC) should lead
to increasing numbers of users in years to come. Another form of water-dependent recre-
ation, sport fishing, remains popular year-round in Broad Sound and in the estuary of the
Saugus and Pines rivers.

NAVIGATION — Navigation is important to the study area for a variety of reasons, in-
cluding recreation. A fleet of about 400 vessels uses the Saugus and Pines Rivers. Most
enter and exit through the existing 100 foot wide, 27 foot high (when the bridge deck is
closed ) navigation opening under the General Edwards Bridge. Upstream of the General
Edwards Bridge this fleet includes 280 recreational power and sail beats and 70 commer-
cial lobster and/or finfish boats. The rivers also serve as a port of refuge during coastal
storms and hurricanes and are reported packed with vessels during such storms. In addi-
tion, the General Electric plant is serviced by a fuel barge or small tanker about once a
month. An additional 450 vessels are moored at Lynn Harbor and the Point of Pines
Yacht Club. At least one more marina has been proposed for the Lynn South Harbor area
and expansion of one on the west side of the General Edwards Bridge.

RISING SEA LEVEL — The most recent historic rate of sea level rise ir {he study area
has been based on data collected from the Boston tide gage iiom 1922 to 1980. The re-
corded rise is estimated at about 0.008 foot/ year or slightly less than 1 foot/100 years. In
recent years there has been much discussion regarding a potential increase in the future
rate of sea level rise. A gradual warming of the Earth’s atmosphere, associated with in-
creased emissions of carbon dioxide and other gases on the planet, may promote an ex-
pansion of near-surface ocean water and an increase in the rate at which glaciers melt,
thereby hastening the rate at which ocean levels rise. The scientific community appears in
general agreement that the rate of global sea

level rise will increase; however, there is a 5 E i r i
lack of precision and agreement as to how NRC PLAUSIBLE FUTURE SEA
much the increase will be. The Corps’ latest . LEVEL RISE- Bostoh Wi A4

guidance, dated 20 June 1988 recommends
that Corps projects be evaluated using the

-
w
historic rate of rise, and also completing a = ,«’
sensitivity analysis for the project using the  # “V
highest rate suggested in a 1987 study by 5 2 QS,;'}
the U.S. National Research Council (NRC),  § /) Ly _A1s
which reported that sea levels may rise 1.6 " | - S i
to 4.2 feet over the next 100 years. This ——1
Corps' guidance has been followed in this . %/r
study. The graph shows the historical, NRC 0 2 0 60 80 100
low and NRC high rates of sea level rise. YEARS FROM 1967
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PROBLEM IDENTIFICATION;
THE WITHOUT PROJECT CONDITION

This section identifies the problems, needs and opportinities associated with flooding in
the study area: the tidal floodplains of the cities of Lynn, Revere and Malden and the
town of Saugus. What is notable about these flooding problems is not only their very
substantial local in.pacts, but their influence on utilities, public transportation, work
force and other aspects of the economy of the surrounding region.

EXISTING CONDITIONS
FLOOD PROBLEMS IN THE STUDY AREA

In total, the study area includes about 5,000 buildings, including over 8,000 housing
units, approximately 4,000 acres of residential, industrial and commercially developed
land and tidal wetlands, and major transportation arteries and utilities that serve
Boston’s North Shore. The following information on conditions that were experienced
during the ‘78 Blizzard and subsequent storm events was obtained during over 2,000 in-
terviews with residents, business owners and officials familiar with the study area.

At 10:20 p.m. on Monday night, February 6, 1978, the first storm surge associated with
the Blizzard of ‘78 hit the study area. Record high tides flooded thousands of homes
and buildings, knocked out electricity in freezing weather, and forced the emergency
evacuation of over 4,000 people. The following morning at 10:36 a.m., when a second
tidal surge hit the study area with almost equal magnitude, many of the residents who
had stayed in their homes were still stranded since access routes remained flooded.
Record flood depths of up to seven feet caused damages to an estimated 3,100 build-
ings, and directly affected the lives of over 10,000 people and the employment of an-
other 20,000 who lived or worked in the floodplain. The storr:: flooded major transpor-
tation arteries that are used on a daily basis by 100,000 North Shore commuters, and
caused disruption to utilities which serve the entire North Shore. The residential, com-
mercial, industrial and commuter population affected by the flood was nearly 400,000.

In the past 17 years, a total of four major floods of 10 to 100 year frequency have occurred
in the study area (1972, 1978, 1979 and 1987). Because of growth within the study area
and increased costs associated with damages and losses, a recurring ‘78 storm tide would
now cause damages estimated at over $100 million (1989 tide levels). The Standard
Project Northeaster if it occurred, would damage close to 5,000 buildings. With one foot
of sea level rise, the SPN event could cause damages in the range of $500 million. In addi-
tion, damages to homes and businesses from coastal stormis happen every year within
the study area, although on a smaller scale. There is a relatively small hydrologic differ-
ence between coastal floods which are mere inconveniences and those which trigger very
severe damages. A flood of 1 foot above a yearly high tide means wet basements in about
400 buildings; a flood of 2 feet above a yearly high tide requires the emergency evacua-
tion of thousands of people from thousands of buildings. Forecasted accelerated rates in
sea level rise, with estimated increases ranging from 1.6 to 4.2 feet over the next century,
indicates a growing potential for repeated catastrophic flooding in the study area.
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STUDY AREA DAMAGES ASSOCIATED WITH THE BLIZZARD OF ‘78
AND SUBSEQUENT STORMS

COASTAL STORM DAMAGES IN LYNN

The portion of the study area in Lynn, the SPN flood plain (at 1989 tide levels), includes a
total of about 1,200 buildings, half of which are commercial and industrial. One section,
the Lynn Harbor shorefront, includes some residences as well as the commercial and in-
dustrial district along Route 1-A, known as the Lynnway in this area. This highway
serves about 30,500 vehicles transporting North Shore commuters each day and is also a
direct access route for many of Lynn’s businesses and industries. The floodplain also
houses major North Shore utilities including electric and gas distribution centers and a
Regional Wastewater Treatment facility which serve North Shore communities that lie
outside the study area. Also notable are the new North Shore Community College, West
Lynn Creamery, Phillips Lighting, Norelco, MBTA facilities, many new and used car
dealers, service stations, the Boston & Maine Commuter Rail and the Salem Turnpike
(Route 107).

In the Blizzard of ‘78, tides overtopped the entire Lynn Harbor and Saugus River shore-

front, flooding businesses with water depths of up to four feet. Recurring 1978 flooding
could cause damages approaching $65 million, while damages from a disastrous SPN
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storm plus one foot of sea level rise would be $378 million. In 1987 flood waters again
overtopped the Lynn Harbor and Saugus River area, causing erosion behind bulkheads
and flooding commercial properties to depths of several feet. Even during years without
major storms, high tides frequently cause saltwater to pond around parking areas, on
streets, and unloading zones, leading to damages and delays in commercial activities and
transportation.

Also located in Lynn, the General Electric River Works complex includes about 265
buildings and a work force of 8,000-10,000 with a payroll worth $300-400 million a year.
In 1978 the complex was shut down at the start of the Blizzard in advance of high tides,
preventing considerable damage. Floodwaters of 1 to 2 feet were reported in the com-
plex, with much greater depths in parking areas which are flooded frequently. Flooding
to SPN levels at 1989 tide levels could reach depths of 4 feet around the complex, or high-
er with sea level rise. With such an event, operations normally carried out at the plant
may need to be transferred on an emergency basis to another GE plant in Ohio, thereby
threatening the steam turbine generator and jet engine production and other military and
civilian contracts worth $2-4 billion which this plant completes each year.

COASTAL STORM DAMAGES IN SAUGUS

The portion of the study area within Saugus includes the community of East Saugus, an
area with 600 homes and businesses located between the Saugus and Pines River marsh-
es. During the Blizzard of ‘78 saltwater was up to 5 feet deep in this area, and hundreds
of people had to be evacuated to emergency shelters. The area also includes Route 107,
the Boston and Maine Commuter Rail, most of the town’s commercial navigation fleet
and related facilities, elderly housing, a school, the Eastern Tool Company, RESCO
Energy Systems, several marinas, and about 40 other businesses. A recurring ‘78 tide
would cause $15 million in damages, and a maximum of $38 million, with flooding
depths exceeding 8 feet, with an SPN event with one foot of sea level rise. The area was
also flooded during coastal storms in 1972, 1979 and January 1987. Frequent flooding of
propertics is also a problem. Twice in December 1986 the Corps was contacted because
of high tides which were flooding basements in homes that border the Pines River
marsh.

There are about 300 buildings that are located in the floodplains of the Upper Saugus
River and Shute Brook areas. Flooding up to 5 foot flood depths was reported during the
‘78 Blizzard. Town officials reported that high tides cause drains to back up, flooding
buildings in the center of town on higher ground. Shute Brook, especially, backs up,
flooding homes with a combination of high tides and runoff such as occurred in 1979.

COASTAL STORM DAMAGES IN REVERE

Approximately one third of the city of Revere (2,650 buildings) is within the study area,
including the Revere Beach Backshore — where 1,200 homes and businesses are located
behind Revere Beach and along the banks of the Pines River. In the Blizzard of ‘78, a re-
ported 3,000 people were evacuated to the Revere High School, as flood waters reached
depths of 7 feet around homes and businesses. Saltwater flowed into the area from sever-
al directions from overtopping of the seawall and banks of the Pines River. The area also

19 Problem Identification




includes the MDC'’s Revere Beach Reservation and facilities, the Wonderland Dog Track
and Park, the Towle Industry Building and Revere High School, many high rise condo-
miniums and retail office buildings. The MBTA Blue Line, Boston & Maine Commuter
Rail, Route 107, North Shore Road (1A), numerous marinas and over 100 businesses also
lie in this area. Future 1978 tide levels would cause damages of $33 million. The SPN,
with depths up to 9 feet, would cause damages of $80 million with sea level rise.

At Point of Pines, which is located just north of Revere Beach along the Saugus River,
about 370 homes were flooded with depths to 4 feet during the ‘78 Blizzard and two
houses burned when fire equipment was unable to reach them. The area is one of the
most vulnerable to coastal storms and was extremely hard hit by the Blizzard of ‘78.
Severe overtopping also occurred in 1972 and 1979, and in 1987 the ocean flowed in free-
ly by the Yacht Club along the Saugus River. In 1978, residents remained stranded over-
night with no heat, electricity or means of evacuation.

Northgate, an area with 180 homes and businesses, including the city’s DPW garage, lies
along the edge of the Pines River marsh. This area experienced flood waters up to 3 feet
deep in 1978 when the estuary rose like a huge lake, flooding these buildings.

COASTAL STORM DAMAGES IN TOWN LINE BROOK (REVERE AND MALDEN)

The Town Line Brook area (including Linden Brook) lies in both Revere and Malden. The
estimated SPN (1989 tide levels) floodplain includes about 210 buildings in Malden and
another 800 in Revere which are subject to flooding directly from the Pines River and
from the backup of drainage in the brooks during high tides. Flooding occurred in this
area during the Blizzard of ‘78, and in 1979 with flood levels reaching El. 7 to 8 feet
NGVD on both occasions, with 3 to 4 foot depths of water. In 1987 waters reached the top
of the banks of Town Line Brook. As noted earlier, most of the flood problems in this
area will be addressed by the MDC Town Line Brook flood control project.

RELEVANT OTHER CONDITIONS IN THE STUDY AREA

Many factors will determine whether vulnerability to coastal flooding will continue at
least at current levels in the study area, and whether or not the involved municipalities
can address this threat without Federal assistance. These critical factors include:

EMPLOYMENT

The four municipalities in which the study area lies are essentially residential suburbs of
Boston. The majority of study area residents work outside the communities in which
they live. While the Boston area has recently experienced significant regional growth in
employment, this surge has not benefitted the study area significantly. At the same time
that total employment increased by 8.6 percent across the state between 1980 and 1984, it
decreased by 12.6 percent in Revere and by 4.2 percent in Lynn. Employment in Malden
and Saugus has continued to grow (1.4 and 7.2 percent respectively.) Employment within
the communities is heavily concentrated on the services, wholesale and retail trade sec-
tors of the economy, sectors which traditionally have low paying jobs. Service employ-
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ment in the communities is characterized by personal services, rather than higher paying
professional services. Many jobs in Revere are related to entertainment and resort-related
industries — seldom high paving jobs. Only Lynn has a substantial number of people
employed in manufacturing.

Demands on community services are high in the study area. Local budgets are unlikely
to be able to atford the types of flood damage reduction measures that are called for by
the extent and nature of the coastal flood threat which is why the communities have
turned to the state and Federal governments for assistance.

POPULATION AND COMMUNITY GROWTH

All the communities in which the study area lies have experienced some drop in popula-
tion from 1980 to 1988. Population within the study area, however, increased by 5.1 per-
cent in this same time period. Although precise population projections are difficult to
make, it appears that the population decrease will slow in Revere and Lynn. New resi-
dential developments, in Revere in particular, are expected to increase the future popula-
tion in the community and in the study area.

Building Permits . o
1982 - 1987 Although total population is decreasing in the

communities, the total number of households

is increasing. Moreover, each of the four com-
1005 %  munities in which the study area lies is in the

midst of an aggressive effort to attract new de-
1109,  velopment. One measure of their success is
that the number of building permits for new
residential construction has increased in each
community since 1981. The mos: dramatic in-
crease has been in Revere in which a 1005 per-
cent increase has taken place between 1982
and 1987, while Lynn'’s total has increased by
110 percent, and Saugus by 66 percent during
the same period. There are existing heavy con-
centrations of population within the four communities in which the study area lies, in-
cluding substantial sections within the study area itself. The limited amount of additional
available land in the study area will not allow for much new development on vacant
land; however, more intensive use of existing developed land is likely to continue. There
will be a continuing need within the study area for protection from coastal storms.

1982 1987

TRANSPORTATION

The region in which the study area, the SPN floodplain, lies is characterized by densely
built up residential centers with numerous local roads that also support through traffic
going to and from Boston. The marshlands associated with the Saugus and Pines Rivers
have long been affected by transportation planning. Over the years these wetlands have
provided wide open lands for rail and road building because they needed only fill, as op-
posed to routes through existing developments which required expensive acquisitions
ana costly and time-consuming modifications to other forms of infrastructure. Now, un-
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der the most recent public policy, the marshlands have been designated protected natu-
ral resources in which vast filling for transportation purposes is much less likely. For this
reason, keeping existing arteries as free as possible from disruption and damages due to
coastal floods is of both local and regional importance.

Regionally Important Transportation Arteries in the Study Area Include:

* Route 1-A which is primarily a north-south artery to Boston that runs through
Revere and along Revere Beach, crosses the Saugus River at the General Edwards
Bridge, and continues through Lynn. Route 1-A also services the beach area, the
Wonderland Dog Track, and the MBTA Blue Line Station. Within the study area
the route has an average daily trip count of 30,500; it suffers from heavy conges-
tion. The road drops to EL. 9 along the marsh, and is flooded frequently, with seri-
ous disruption having occurred in 1972, 1978, 1979 and 1987.

* Route 107, which has a daily traffic count of 20,200, runs directly through the mid-
dle of the Saugus Marsh. It is a four-lane highway that connects Lynn and East
Saugus with arteries in Revere. Route 107 is approximately EL. 9-10. It, too, was
flooded during the 1978 Blizzard and the 1972, Jaruary 1979 and 1987 storms.

* Two rail systems also cross the study area: the MBTA Blue Line, a commuter rai!
system which accesses downtown Boston via Logan Airport, and the Boston and
Maine Railroad, a commuter rail line that serves Boston’s North Shore. Both sys-
tems are under consideration for future improvements. There is a possibility that
the Blue Line, whose current northern terminus is in Revere, will be extended to
serve Lynn and the North Shore. The B&M railroad, which currently serves 4,400
commuters through Revere, is considering the possibility of constructing a station
with a 1,000 car parking lot in East Saugus on the exis. ng landfill in the middle of
the marsh. The Revere section of the MBTA Blue Line (which serves 8,100 commut-
ers through Revere) was out of commission for six weeks following the ‘78
Blizzard. Both sy-tems were reported flooded in 1978 and 1987. The B&M drops to
EL. 8.4 through the marsh, and the Blue Line dips to EL. 7 in the floodplain behind
the shorefront.

The “Revere Beach Connector” and I-95 highway were proposed as far back as the
1950’s as four-lane divided highways which would connect U.S. 1 to Route 1-A and link
them to [-95. Because their construction was planned in the Saugus-Pines River marsh, a
large amount of fill was required. Work on the projects was eventually halted due to con-
cerns over environmental impac*s. However, the “7-95 fill” that remains has altered flow
factors in the marshland, providing some degree of flood protection to East Saugus, ex-
cept for severe coastal storms. Ther 2 is renewed interest in the communities in construc-
tion of the Connector highway. If the highway is ever constructed, it is likely to be built
in ways that would minimize impacts on wetlands.
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PRESSURE TO FILL WETLANDS

The Saugus and Pines Rivers estuary commrises 1,660 acres. Development of the estuary
lands was rapi.: until about 1968. Since then, witl enforcement of wetlands protection

programs, deta! i <airveys by the Corps have determined that about 11.5 acres have
been fil'? c<res since 1978, Extensive pressures to deposit or dispose of fill in the es-
tuar . ~aain. Recent calls to ti:2 Corps and EPA by study participants have resulted in

the wopp.ag of 7 illegal till attenyy ts; 2 of these sites have already been restored.
Rf "REATION AND OP=N SPACE.

b~ ting recreational facilities within ti> study area are already pressured by growing
d-r. 1ds. In addition, expansion of r.creational opportunities and open space are seen
as i 'p tant elemen:s in the currer development efforts of each of the four communities
in whio » the study area lies. For e'c>inple, included in [ ynn’s neighborhood revitaliza-
tion stra’ - r is a provision to ungr..de local parks and improve cpen spaces, as well as
provide pu "1+ 1zcess along the waterfront. Such goals are seen as methods to help stabi-
lize real property valaes 13- encourage economic growth. In Revere, the MDC is prepar-
ing to upgrade Revere Beaca and has plans for substantial additional improvements.
Saugus is currently updating its open space and recreation plan, including coordinating
with the MDC to develop a master plan for passive recreation at the I-95 embankment.

EXISTING SHOREFRONT STRUCTURES

The replacement, raising, repair and maintenance costs of the existing 30 miles of shore-
front extersively deve.oped with stri:ctures (walls and stone protection) are estimated to
average $2.6 million per year. Currently, shorefront structures do not provide a continu-
ous or reliable line of protection in any section of the study area. The structures vary in
size, type and purpose. They are lccated intermittently aiong the shoreline, and suffer
from varying degrees of deterioration. The structures which are a maximum of 20 feet
high, were built more for retaining (holding back) embankmerts that support developed
land than for reducing flood damages. These structures would continue to be subject to
failure and overtopping from tidal curges as has .ustorically been the case and their use-
ful life remains at 30 to 50 years. The future replac ‘ment and mainten. nce costs of these
structures would increase a< they are raised the few feet to keep pace vvith sea level rise.
These structures, currently the study area’s first line of defense against coastal flooding,
make some difference in small stc. m events. They accomplish little in the face of major
storms.

EMERGENCY COSTS

En.crgency costs result from special activities that must be undertaken prior to, during
and after a tlood. These expenses include costs associated with the operation oi flood
emergency centers and communication facilities not otherwise needed; with temporary
evacuation assistance, flood fighting materials and personnel; as well as with additional
police and fire protection and public cleanup. During the Blizzard of ‘78 a total ot 20
Federal state and local emergency programs had to be activated. In the study area the
cost is estimated at over $2.5 million. Vulnerability to the costs of such programs will re-
main as long as the coastal flood threat is undiminished.
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TIDAL HYDROLOGY

The information on Tidal Hydrology is being presented as part of problem definition be-
cause of its important influence on flood vulnerability in this particular study area. The
study area experiences a considerable range in astronomical tide levels; minor coastal
flood damages can occur from high tides alone without a storm. When meteorological
events, particularly coastal storms, coincide even with low tide levels, flood damage can
still occur; and when a coastal storm surge coincides with high tides damages can be
extensive.

ASTRONOMICAL TIDE LEVELS

Tides, at the study area, are semidiurnal, with two high and two low waters occurring
during each lunar day (approximately every 24 hours 50 minutes). The resulting tide
range is constantly varying in response to the relative positions of the earth, moon and
sun, with the moon having the primary tide-producing effects. Maximum tide ranges oc-
cur when the orbital cycles of these bodies are in phase. Known as “spring tides” these
occur at the time of the full and of the new moon each month.

At the National Ocean Survey (NOS) tide gage in Boston, Massachusetts (less than 10
miles from the study area) the mean range of the tide and the mean spring range of tide
are 9.5 and 11.0 feet, respectively. However, the Corps of Engineer’s Coastal Engineering
Research Center (CERC) has estimated the maximum and minimumn predicted astronom-
ic tide r>nges at Boston at about 14.6 and 5.1 feet. The variability of astronomical tide
ranges is a very significant factor in tidal flooding potential in the study area.

TIDAL RANGE IN THE SAUGUS RIVER ESTUARY-Although known to be complex,
little recorded data existed on water movement in the Saugus and Pines Rivers. To better
define tidal motion within the estuary, tidal stage measurements have been made inter-
mittently over the past three years. What has been learned is that tide levels at the mouth
of the Saugus River are nearly identical to those at Boston, while tide levels in the estuary
show some slight variance. Measurements taken within the estuary indicate that for nor-
mal non-storm tide conditions, the smaller the tide range the less change there is in tide
heights at points upstream from the river’s mouth. Mean tide range produces nearly the
same elevations in the estuary as at the coast. Normal spring high tides on the Saugus
River and on the upper Pines River appear to be somewhat lower and low tides some-
what higher than at Boston. On the Saugus River the change seems to be due mostly to
frictional impacts of the channel. However, for the upper Pines River, the reduction in ti-
dal elevation is related to the restrictive channel opening in the abandoned I-95 highway
embankment and the relatively large storage available in the marsh.
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STORM TIDES

During coastal storms, tide gage measurements reflect the tide level resulting from the
combination of astronomical tide with the storm surge that is created by wind and wave
action and atmospheric pressure. The mix of astronomical tides and storm surge, along
with the intensity and wind directions that occur during any given coastal storm event,
determines the levels ot damage. A wide range of damages can result.

Since the astronomic tide range in the study area is so variable, many severe coastal
storms occur during periods of relatively low astronomic tides. In these situations, even
though a storm may produce exceptionally high onshore winds, waves and a tidal surge,
the resulting tide level may be less than that occurring during a time of high astronomic
tide and no meterological influence. A good example of this is the storm event which oc-
curred on November 30, 1945. This storm produced the maximum storm surge of record
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at Boston —— 1.9 feet — and extremely high onshore winds. However the event occurred
during low astronomic tide and resulted in only a minor tidal flood level (7.6 feet
NGVD). Conversely, rather significant tidal flood levels can result when relatively high
astronomic tides coincide with only minor meteorological events. Astronomic high tide
level, alone, can reach 7.5 feet NGVD in Boston. With such a condition, a coinadeant
storm surge ot only 2 to 3 teet can produce major tidal flood levels.

The Blizzard of 1978 provides an excellent example of the interaction among these fac-
tors. During the ‘78 Blizzard, the storm tide (the maximum observed tide) at Boston
reached 10.3 feet NGVD, the greatest storm tide of record, but this was produced by a
combined astronomic tide of 6.9 feet NGVD and a surge of 3.4 feet — a surge of only
moderate magnitude. The maximum surge recorded during the storm (4.6 feet) had oc-
curred at 10:00 PM on February 6th. By the time the maximum observed tide occurred, at
10:30 AM the following day, the surge was 1.2 feet lower. Had the maximum surge re-
corded during the storm coincided with the high astronomic tide that occurred at 10:30
AM on the 7th of February, the observed tide would have been 11.5 feet NGVD, and
even more catastrophic flooding would have occurred in the study area.

STORM TIDES AT THE PROJECT AREA-The NOS has been recording tide heights at
Boston, Massachusetts since 1922. Stillwater tide heights are measurements taken in pro-
tected areas in which waves are dampened out. The greatest observed stillwater tide lev-
el recorded at Boston occurred during the Blizzard of ‘78. Studies by the Corps Coastal
Engineering Research Center (CERC) have indicated that storm tide frequency in the
Saugus and Pines Rivers system is at least equal to that at the Boston NOS gage and for
severe coastal storms could be up to a half a foot higher. Because of the urban nature of
the study area, analyses include storm events up to the standard project storm , which
can be compared to the Standard Project Northeastern (SPN), the “most severe combina-
tions of ‘meteorological and tidal’ conditions that are considered reasonably characteris-
tic of the geographical region involved, excluding extremely rare combinations.” Because
of the variability of astronomic tides in the study area, and the unpredictability of tidal
interaction with storm surges, the SPN stillwater tide level (under 1989 tide conditions)
was adopted at 12 feet NGVD for this purpose in this report. In addition to the stillwater
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tide level, the SPN event would be accompanied by about 9 foot waves in Broad Sound
and up to 30 feet of wave runup on seawalls.

TIDAL VERSUS UPSTREAM RU:MNOFF INFLUENCES

Because of sluggish flows from the large upstream wetlands and ponding areas, freshwa-
ter inflow into the tidally influenced portion of the Saugus and Pines Rivers is a small
component of the total estuarine flow. The tidal hydrology of the Saugus/Pines River es-
tuary and its resulting environment are much more a function of the hydraulics of tide-

water interchange than of basin runoff.

MOST LIKELY FUTURE CONDITIONS WITHOUT A FEDERAL PROJECT

Without a Federal project the most likely future conditions in the study area include a
continued and increasingly serious vulnerability to coastal storms. One project currently
planned by the Massachusetts Metropolitan District Commission (MDC) would reduce
flood vulnerability in the Town Line Brook sub area of the study area whether or not a
Federal project resulting from this study is completed. Several other efforts which are ex-
pected to be implemented by others would benefit from a Federal project. Figure 3 and
Table 1 summarize future estimated damages for specific events and average annual
damages over the full range of flood events. These various situations are summarized
below.

FACTORS CONTRIBUTING TO A MAINTAINED OR EXPANDED VULNERABILITY
TO COASTAL FLOODING

* The continued growth and intensified development that are expected in the study
area will maintain and may add to the existing level of vulnerability to coastal
flooding among residential, commercial, industrial and public properties, and to a
sustained or increased potential for damages. Local growth is expected to include
development during the next few years of the Harborside Landing Condominium
Project in Lynn Harbor. The project, which will include shorefront protection be-
tween EL. 13 and 18 ft.. NGVD, will provide partial protection to the new facilities
but the area will remain vulnerable to severe coastal flooding which circumvents
its shorefront. Development of the Lynn South Harbor area within about the next
10 years with a combination of condominiums, retail, hotel and office buildings,
marina facilities and shorefront structures for partial protection will increase devel-
opment in flood vulnerable areas. Condominiums along Revere Beach and new or
enlarged marinas next to the General Edwards Bridge, also in Revere, are other
planned improvements vulnerable to flooding.

s Vulnerability to disruption of and damages to existing major utilities and transpor-
tation arteries will continue. These facilities, which are located in Lynn, Saugus,
Revere and Malden, serve the entire North Shore region. Proposed expansions of
the MBTA Blue Line, MBTA Commuter Rail Station; and/or construction of the
"Revere Connector” would create a further potential for increased disruption and
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* As sea levels rise, more frequent and more severe coastal flooding is very likely to
occur, heightening the threats of and potential for severe damages. Rising sea lev-
els could also lead to higher costs for maintenance, repair, and needed raising or
enlarging of existing structures along the 30 miles of shorefront that abuts the
Saugus and Pines Rivers and Broad Sound. With the historic rate of sea level rise of
about one foot, much of the existine shorefront would likely be raised one foot to
protect the area, and the '78 storm (100 year) would occur on about a 15-20 year fre-
quency. SPN damages would approach $500 million. With a four foot rise in sea
level (much less likely to occur) the shorefront would gradually be raised between
2 to 4 feet over the next 100 years to protect from frequent flooding the over $2.5
billion investment in the floodplain. Storm tide levels similar to 1978 would occur
each year.

Figure 3
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Damages are not included for: the Town Line and Linden Brook areas in Revere and Malden; the
upper Saugus River and Shute Brook areas in Saugus; the backing up of drainage systems above
the tidal floodplain, underground secpage into basements, loss of revenues for most businesses
and General Electric, or for moored vessels in the Saugus and Pines River and in Lynn Harbor.

PLANNED ACTIVIT!=S WHICH WILL BRING SOME MEASURES OF REDUCED
FLOOD VULNERABILITY IN OR NEAR THE STUDY AREA:

* Restoration of Revere Beach within a few years will help stabilize beaches and sea-
walls at Revere Beach, and should result in a reduction in the overtopping that
now occurs in this section in conjunction with yearly storms;

¢ Construction of the Roughans Point, Revere, Flood Damage Reduction Project,
bringing protection to the section of Revere that abuts the southeastern boundary
of the study area.
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* Construction of the Massachusetts Metropolitan District Commission’s (MDC)
Town Line and Linden Brook Flood Control Project within 5 to 10 years. This pro-
ject would alleviate most of the flooding problems from interior runoff in this wa-
iershed. There would continue to be a vulnerability during coastal storm events
that exceed the MDC project’s desig